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. $\backslash J$ (1) $,(2)$
, (3)
.
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$J$ . W. Addison . G\"odel $L$
.
(a) , 2 \Delta 21- .





Martin, Steel “Cabal” .
(1),(2) . 1970




1963 P. J. Cohen . ,
forcing . Solovay










( ) $a_{0}$ $a_{2}$
$\backslash$ $\nearrow$ $\searrow$ $\nearrow$
( ) $a_{1}$ $a_{3}$ . . .
{ $a_{n}|n\in\omega\rangle$ $\in\{vX$ .
, $\omega_{X}$ $A$
$\Leftrightarrow(a_{n}|n\in\omega\rangle$ $\in A$
. $A$ $X$ ,
$G_{X}(A)$ .
.
$G_{X}(A)$ , $A\subseteq\omega_{X}$ .
Mycielski Steinhaus “ ”





“ \langle b’’ . $\Gamma$
, $(al)\sim(a3)$ $\Gamma$ . Projective Determinacy(
) ,
.
(a2) . $A\subseteq\omega 2$ . $B\subseteq\omega\omega$
.
$\langle a_{0}, b_{0}, a_{1}, b_{1}, \ldots\rangle\in B\Leftrightarrow(\forall i)[(a;\in<\omega\omega) \ (b;\in\{0,1\})]$
& $a_{0^{\wedge}}(b_{0}$ } $a_{1}(b_{1}\rangle$ $\wedge\ldots\in A$
$G_{\omega}(B)$ .




(i) : $\sigma$ . $T\subseteq<\omega 2$ perfect binary tree .
$T:=\{a_{0^{\wedge}}\{b_{0}\rangle\wedge\ldots\wedge a_{n-1^{\wedge}}\langle b_{n-1}\}|\langle a_{i}|i<n\rangle$ { $b_{i}|i<n\rangle$ $\sigma$ }
tree branch $[T]$ , $\sigma$ $G_{\omega}(B)$ $[T]\subseteq A$
.
(ii) : $\tau$ . binary sequence $u$ \mbox{\boldmath $\tau$}-
.
$u=a_{0^{\wedge}}\langle b_{0}\rangle\wedge\ldots\wedge a_{n-1^{\wedge}}\{b_{n-1}\rangle$ $\wedge a_{n}$ , $\langle b_{i}|i<n\rangle$
{ $a_{i}|i<n\rangle$ $\tau$ .
$\tau$ $G_{\omega}(B)$ , \mbox{\boldmath $\tau$}- binary
sequence $A$ . $x\in A$ , $xrm$ \mbox{\boldmath $\tau$}-
$m\in\omega$ . $x\square m$ \mbox{\boldmath $\tau$}-
$xrm=a_{0^{\wedge}}\langle b_{0}\}\wedge\ldots\wedge a_{n-1^{\wedge}}\langle b_{n-1}\}\wedge a_{n}$
. $xrm$ $x$ \mbox{\boldmath $\tau$}- $k\geq m$ $x(k)$
$x(k)\neq\tau(a_{0}, \ldots a_{n-1}, a_{n}, \langle x(m), \ldots x(k-1)\rangle)$
. $A$ . (a2) .




1967 D. Blackwell 11 (Reduction
property)
$A,$ $B\in\Pi_{1}^{1}$ $A^{*},$ $B^{*}\in\Pi_{1}^{1}$ $A^{*}\subseteq A,$ $B^{*}\subseteq B,$ $A\cup B=A^{*}\cup B^{*}$ ,
$A^{*}\cap B^{*}=\phi$ .
. N. Lusin C. Kuratowski
, Blackwell




$\Delta_{2n}^{1}$ $\Pi_{2n+1}^{1},$ $\Sigma_{2n+2}^{1}$ .
Moschovakis , (3)
. $\Pi_{1}^{1}$ (uniformization property) ,
. .
$\Delta_{2n}^{1}$ $\Pi_{2n+1}^{1},$ $\Sigma_{2n+2}^{1}$ .
Projective Determinacy , . $L$
, .
Projective Determinacy ,
Projective Determinacy (Moschovakis “Playful
Universe”) . Martin 1970 measurable cardinal
11 . Large Cardinal
. Measurable cardinal 11
. $\Delta_{1}^{1}$ $\Pi_{1}^{1}$
. $\Sigma_{3}^{1}$
, A $\Sigma_{4}^{1}$ . measureble cardinal
. ZFC G\"odel $L$
, $ZFC+\exists$ measurable cardinal” ,
Silver $L[\mu]$ , $\Delta_{3}^{1}$ , $L$
$(a)-(c)$ .
G\"odel-Silver Large Cardinal 1970
W. Mitchell ( extender




Projective Determinacy ( ) Large Cardinal
. , $\Pi_{1}^{1}$ Martin
\langle Martin , \omega -superstrong cardinal $\Pi_{2}^{1}$
. \omega -superstrong cardinal (Jth.\gamma )
Large cardinal !
Projective Determinacy Large cardinal
. 1980 .
1986 Martin, Steel, Woodin (($Cabal’$ supercompact cardinal
. Projective Determinacy , $AD_{\omega}$
. Supercompact
\omega -superstrong . Projective
$j’r-$




introduction ). 4 section . section3
.





$\sigma$- 2 . measure
\kappa -complete $\kappa$ . $A$ $B$
$AB$ . $\omega_{B}$ $B$ . $B$
$<\omega_{B}$ .
[ ] \omega -superstrong cardinal
$\omega$-huge cardinal , .
$\kappa$ \omega -superstrong , $M$ $V$ elementary embed-
ding $j$ : $Varrow M$ crit $(j)=\kappa,$ $V_{j^{\omega}(\kappa)}\subseteq M$ .
$j^{\omega}(k)$ $\sup\{j(\kappa), j(j(\kappa)), \cdots j^{n}(\kappa)\cdots\}$ .
huge cardinal , super-
strong cardinal . $\omega$-huge cardinal
$V_{j^{\omega}(\kappa)}\subseteq M$
$j^{y}(\kappa)_{M\subseteq}M$ .
$\omega$-huge cardinal K. Kunen .
\omega -superstrong $\omega$-huge [MS2] ,
( $\omega$-huge cardinal
). $\Pi_{2}^{1}$ 1978 .




\S 1. HOMOGENEOUS TREES.
1. Measure limit model.
{ $a_{n}|n\in\omega\rangle$
(1-1) $a_{0}\subseteq a_{1}\subseteq\cdots\subseteq a_{n}\subseteq\cdots$
. $Z$ . $m<n$ $a_{\hslash}Z$ $a_{m}Z$
(1-2) $f\in a_{n}Z\mapsto fra_{m}\epsilon^{a_{m}}z$
.
$a_{0}Zarrow a_{1}Zarrow\cdotsarrow a_{n}Zarrow\cdots$
measure { $\mu_{n}|n\in\omega\rangle$ $,$ $m<n$ $X\subseteq a_{m}Z$
(1-3) $\mu_{m}(X)=\mu_{n}(\{f\in a_{n}Z|fra_{m}\in X\})$
. (compatibility) , $\mu_{m}$ $\mu_{n}$
.
(1-4) $\mu 0arrow\mu_{1}arrow\cdotsarrow\mu_{n}arrow\cdots$
$\mu_{n}$ measure , Ult(V, $\mu_{n}$ ) .
$M_{n}$ $:=Ult(V, \mu_{n})$ . , $F,$ $G:^{a_{m}}Zarrow V$ $m<n$
$F\sim_{\mu_{m}}G\Leftrightarrow\mu_{m}(\{f\in a_{m}Z|F(f)=G(f)\})=1$
$\Leftrightarrow\mu_{n}(\{f\in a_{n}Z|F(fra_{m})=G(fra_{m})\})=1$
. $F’$ ) $G’$ : $a_{n}Zarrow V$
$F^{/}(f)$ $:=F(fra_{m})$ , $G’(f)$ $:=G(fra_{m})$
$[FJ_{\mu_{m}}=[G\mathbb{I}\mu_{m}\Leftrightarrow[F’I\mu_{n}=[G’J_{\mu_{n}}$
. [ $FJ_{\mu_{m}}\vdash*[F^{/}I\mu_{n}$
$j_{m,n}$ : $M_{m}arrow M_{n}$
$I$
. Lo\’{s} (1-4) , $j_{m,n}$ $M_{m}$ $M_{n}$ elementary
embedding . $l<m<n$ $j_{m,n}oj_{l,m}=j_{l,n}$ , $V$ $M_{n}$
elementary embedding $i_{\mu_{n}}$ $i_{n}$ $m<n$ $i_{n}=j_{m,n}oi_{m}$
. , measure (1-4) elementary embedding
(1-5) $Varrow i_{0}M_{0}arrow^{j_{0,,1}}M_{1}arrow^{j_{1,,2}}$ .. . $j_{n-1,narrow M_{n}}arrow^{j_{n,n+1},}$ . . ,
.
$a_{0}=\phi$ . a0 $Z=\{\phi\}$






. $M_{\infty}$ , $M_{n}$ $M_{\infty}$ elementary embedding $j_{n,\infty}$
, $m<n$ $j_{n,\infty}oj_{m,n}=j_{m,\infty}$ . $V=M_{0}$ $M_{\infty}$
(7) elementary embedding $jo,\infty$ -i\langle \mbox{\boldmath $\mu$}n $|n\in\omega$ } .
(1-6) $i_{(\mu_{n}|n\in\omega)}$ : $Varrow Ult(V, \{\mu_{n}|n\in\omega\})$
wellfounded , { $\mu_{n}|n\in\omega\rangle$ mesure
. .
1.1.1
elementary embedding , $(N_{\infty}, \langle i_{n,\infty}|n\in\omega\rangle)$
. $N_{\infty}$ wellfounded , { $\beta_{m}|m\in\omega\rangle$




[ ] \langle$\beta_{m}|m\in\omega$) ,
$i_{m,\infty}(\beta_{m})=i_{m+1,\infty}(i_{m,m+1}(\beta_{m}))>i_{m+1,\infty}(\beta_{m+1})$
, $N_{\infty}$ $\langle i_{m,\infty}(\beta_{m})|m\in\omega\rangle$ . $N_{\infty}$
wellfounded .
$N_{\infty}$ $\langle b_{k}|k\in\omega\rangle$ (1-7)
. $b_{k}$ $i_{m,\infty}$ , $\langle\gamma_{k}|k\in\omega\rangle$ $\langle n_{k}|k\in\omega\rangle$
.
$n_{0}<n_{1}<\cdots<n_{k}<\cdots$ ,
$b_{k}=i_{n_{k},\infty}(\gamma_{k})$ , for all $k\in\omega$ ,
$i_{n_{k},n_{k+1}}(\gamma_{k})>\gamma_{k+1}$ , for all $k\in\omega$ .
$m$ , $n_{k}<m\leq n_{k+1}$ $k$ ,
$\beta_{m}$ $:=\omega\cdot i_{n_{k},m}(\gamma_{k})+n_{k+1}-m$
$\langle\beta_{m}|m\in\omega\rangle$ (1-7) . [ ]
2. Homogeneous tree .
Homogeneous tree , D. A. Martin [Ma] ,
[Ke] . Gale-Stewart Closed Determinacy
. . homogeneous
tree subsection measure .
12
$Y,$ $Z$ , $T$ $Y\cross Z$ tree . $T$ homogeneous tree ,
$(i)-(iii)$ { $\mu_{s}|s\in<\omega Y$ ) .
(i) $\mu_{s}$ $T_{s}$ $:=\{t\in<\omega_{Z}|\{s, t\rangle\in T\}$ measure .
(ii) $s,$ $s^{\prime<\omega}\in Y,$ $s\subseteq s’$ ,
$\mu_{s}(A)=\mu_{s’}(\{T^{/}\in T_{s’}|s’r1h(s)\in A\})$ , $(A\subseteq T_{s})$
( $\mu_{s}$ $\mu_{s’}$ ).
(iii) $x\in p[\eta$ , Ult(V, $\langle\mu_{x|n}|n\in\omega\}$ ) wellfounded .
$l$
: (1) $T$ homogeneous tree $\langle\mu_{s}|s\in<\omega_{Y}\rangle$ , $\mu_{s}$
\kappa -complete , $T$ \kappa -homogeneous . (2) (iii)
. .
12.1
12 (iii) (iii) .
(iii) $x\in p[T]$ ,




[ ] (iii)’ $x\in\omega_{Y}$ Ult(V, $\{\mu_{x\uparrow n}|n\in\omega\rangle$ ) wellfounded
. , “ $\ovalbox{\tt\small REJECT}$’ $\{[F_{k}\mathbb{I}x\uparrow n_{k}|k\in\omega\}$
.
$no<n_{1}<\cdots<n_{k}<\cdots$
. $\langle X_{n}|n\in\omega\rangle$ .
$X_{n_{0}}$ $:=^{n_{0}}Z$ ,
$X_{n_{k+1}}$ $:=\{t\in n_{k+1}Z|trn_{k}\in X_{n_{k}} \ F_{k+1}(z)<F_{k}(zrn_{k})\}$ ,
$X_{n}$ $:=the$ projection of $X_{n_{k+1}}$ , if $n_{k}<n<n_{k+1}$ .
, F $n$ $\mu_{x\uparrow n}(X_{n})=1$ . (iii)
$f\in^{\omega}z$ , $(\forall n\in\omega)[frn\in X_{n}]$ , ,
$F_{0}(frn_{0})>F_{1}(frn_{1})>.$ $..>F_{k}(frn_{k})>\cdots$
. . , { $A_{n}|n\in\omega\rangle$ (1-8) ,
$f\in\omega Z$ $(\forall n\in\omega)[frn\in A_{n}]$ ,
$\{t\in<\omega_{Z}|(\forall n\leq 1h(t))[trn\in A_{n}]\}$
wellfounded tree . rank function $F$ ,
$F_{n}$ $:=Frn$ , $(n\in\omega)$





Ult(V, $\{\mu_{x|n}|n\in\omega\rangle$ ). is $wellfounded\Rightarrow x\in p[T]$
, (iii) $Ult(V, \langle\mu_{x\int n}[n\in\omega\rangle)$
wellfoundedness , $A_{n}=T_{x(n}$
. homogeneous tree , .
[Ma] $[MaSo]$ .
122
measurable cardinal $\kappa$ , $\omega\omega$ $\Pi_{1}^{1}$ - \kappa -homogeneous tree
. , $A$ $\omega\omega$ \Pi }- , \kappa -homogeneous tree $T’\subseteq<\omega(\omega\cross\kappa)$
,
$A=p[T’]=\{x\in\omega\omega|(\exists f\in\omega\kappa)(\forall n\in\omega)[\{xrn, frn\}\in T’]\}$
.
[ ] 11}- $A$ , $\omega\cross\omega$ tree $T$ $A=\neg p[T]$ .
$T$ $s\in<\omega\omega$
$T(s):=$ { $t_{i}\in<\omega\omega|i<$ lh(s) & $\langle sr1h(t_{i}),t_{i}$ } $\in T$ }
. , $\langle t;|i\in\omega\rangle$ $<\omega\omega$ ,
$i\neq j\Rightarrow t_{i}\neq t_{j}$ , $1h(t_{i})\leq i$ ,
$t_{i}\subsetneq t_{j}\Rightarrow i<j$
. $T(s)$ $\omega$ finite tree . $x\in\omega\omega$
$T(x)$ $:=\cup T(xrn)$
$n\in\omega$
. $T(x)$ $\omega$ tree
$x\in A\Leftrightarrow T(x)$ is wellfounded
. $t_{i}\in<\omega\omega$ $T(x)$ , ( ) $n>i$ $t_{i}\in T(xrn)$
.
$\backslash$ $s\in<\omega\omega$ , $<_{s}$ ( $<\kappa B$
Kleene-Brouwer ).
$i<_{s}j=^{de}i,j<1h(s)$ & $[(t;, t_{j}\in T(s)\ t_{i}<t)$
$\vee$ ($\{i\in T(s)$ &tj\not\in T(s))




(a) $<_{s}$ $1h(s)$ .
(b) $s\subseteq s’$ $<_{s}\subseteq<S’$ .
(c) $x\in^{\omega}\omega$ $<_{x}= \bigcup_{n}<_{x}r\hslash$ , $\omega$ ,
$x\in A\Leftrightarrow<_{x}$ is a wellordering relation
.
$(a),(b),(c)$ $(s\mapsto<_{s})$ $A$ $\Pi_{1}^{1}$ .
tree $T’$ .
(1-9) $\{s, u\}\in T’\Leftrightarrow s\in<\omega\omega$ $\ u\in<\omega\kappa$ &lh(s) $=1h(u)$
& $(\forall i,j<1h(s))[i<_{s}j\Leftrightarrow u(i)<u(j)]$
tree .
$A=p[T’]$ . { $s,$ $u\rangle$ $\in T’$ , $T’$ $u$ $(1h(s), <s)$
$(\kappa, <)$ ^ . .
\langle $x,$ $f$ } $\in[T’]\Leftrightarrow f$ : $(\omega, <x)arrow^{o_{.}.p.}(\kappa, <)$
,
$x\in p[T’]\Leftrightarrow<x$ is a wellordering
$\Leftrightarrow x\in A$
, $A=p[T’]$ . $T^{/}$ $\kappa$-homogeneous tree . $\kappa$
normal measure $\nu$ , $\nu_{n}$ .
(1-10) $\nu_{n}(A)=1\Leftrightarrow(\exists H\subseteq-\kappa)[\nu(H)=1\ n_{fH]}\subseteq A]$, $(A\subseteq n[\kappa])$
$\mu_{s}(X)=1\Leftrightarrow\nu_{1h(s)}(\{image(u)|u\in X\})=1$ , $(X\subseteq T_{s}’)$








$(1h(s)+k)[H]\subseteq\{image(u)|ur1h(s)\in X\}$ , $(k=0,1,2, \cdots)$
, $s$ $s’$ $\mu_{s’}(\{u|ur1h(s)\in X\})=1$
.




$H_{n}$ . $H$ $:= \bigcap_{n}H_{n}$ , $\nu(H)=1$ $H$
,
$f$ : $(\omega, <x)arrow^{o_{.}.p.}H$
. { $H_{n}|n\in\omega\rangle$ , $f$
$(\forall n\in\omega)[frn\in A_{n}]$
. $T’$ homogeneous tree . [ ]
Homogeneous tree . Projective
determinacy .
12.3
$T$ $Y\cross Z$ tree , $P\subseteq\omega\omega$ . $T$ lYl+-homogeneous ,
$P$ ( $P$ ).
[ ] $P$ $G=G(P)$ , $G^{*}$ .
( ) $\langle y_{0}, z_{0}\rangle$ ( $y_{2},$ $z_{1}\rangle$
$\backslash$ $\nearrow$ $\backslash$ $\nearrow$
( ) $y_{1}$ $y_{3}$
$/f$
139
, $y_{i}$ $Y$ , $z_{i}$ $Z$ , $n\in\omega$ ( \langle $y_{i}|i\leq n$ }, $\langle z_{i}|i\leq n\rangle$ } $\in T$
. $G^{*}$ $Y\cross Z$ closed Gale-Stewart
. , $G^{*}$ $G$
.
: . $G^{*}$ $z_{i}$ { $y_{i}|i\in\omega\rangle$
$P$ . $G$ $G^{*}$ $y_{2i}$
.
: $T$ homogeneous tree .
$G^{*}$ $\tau^{*}$ . $G$ , $2n+2$
$\langle y_{i}|i\leq 2n+1\rangle$ , $A(\{y_{i}|i\leq 2n+1\rangle)\subseteq(n+1)Z$ .
$\{z_{i}|i\leq n\rangle\in A(\{y_{i}|i\leq 2n+1\})$
$\Leftrightarrow(\forall k\leq n)[y_{2k+1}=\tau^{*}(\langle y_{2i}|i\leq k\}, \{z_{i}|i\leq k\})]$
$\Leftrightarrow y_{1}=\tau^{*}(\langle y_{0}\rangle, \langle z_{0}\rangle)$
$\ y_{3}=\tau^{*}(\{y_{0}, y_{2}\rangle, \{z_{0}, z_{1}\})$
$\ y_{2n+1}=\tau^{*}(\{y_{0}, \cdots y_{2n}\}, \{z_{0}, \cdots z_{n}\rangle)$
$G$ $\tau$ .
( ) $y0$ ,
( ) $y_{1}$ such that $\mu_{(yo\}}(A(\langle y0, y_{1}\rangle))=1$ ,
( ) $y_{2}$ ,
( ) $y_{3}$ such that $\mu_{t^{y_{0},y_{1})}}(A(\langle y0, y_{1}, y_{2}, y_{3}\rangle))=1$ ,
( ) $y_{2n}$ ,
( ) $y2n+1$ such that $\mu_{(y;|i\leq n)}(A(\{y_{i}|i\leq 2n+1\rangle))=1$ ,
. $y_{1}$ $|Y|$
, $1Z$ $|Y|$ $A(\langle y0, y1\rangle)$ . $\mu(yo)$ $|Y|^{+}$-complete , $y_{1}$
$\mu_{(yo\rangle}(A(\langle y_{0}, y_{1}\rangle))=1$ . $y_{3}$ $|Y|$
14uu
, $2Z$
$X$ $:=\{\langle z_{0}, z_{1}\rangle|\langle z_{0}\rangle\in A(\{y_{0}, y_{1}))\}$
$|Y|$ $A(\langle y_{0}, y_{1}, y_{2}, y_{3}\})$ . $\mu_{s}$ $\mu_{(y_{0)}y_{1})}(X)=1$ .
$y_{3}$ $\mu_{(y_{0},y_{1})}(A(\langle y0, y_{1}, y_{2}, y_{3}\rangle))=1$ . .
$\tau$ $G$ . .
, $\tau$ $y\in\omega Y$ $y\in P=p[T]$ . $\tau$
$\mu_{y\uparrow n}(A(yr(2n+2)))=1$ , for all $n$
. 12.1 , $z\in\omega Z$ $n$ $zrn\in A(yr2n)$ .
$A(s)$
$y(2n+1)=\tau^{*}(\{y(2i)|i\leq n\rangle, \langle z(i)|i\leq n\})$ , for all $n$
. $G^{*}$
( ) $\langle y(0), z(0)\rangle$ \langle $y(2),$ $z(1)$ }
$\backslash$ $\nearrow$ $\backslash$
( ) $y(1)$ $y(3)$
, $\tau^{*}$ ( $y,$ $z\rangle$ $\in$ [ . $\tau^{*}$
. [ ]
12.2, 1.2.3 , .
(Martin [Ma])
$\exists$ measurable $cardina1\Rightarrow Determinacy(\Pi_{1}^{1})$ .
, Large cardinal axiom Projective Determinacy
Martin .
3. Embedding normal form.
Homogeneous tree 1.2.3
. , homogeneous tree




Embedding normal form .
23
$A$ $\omega Y$ . $A$ embedding normal form , elementary
embedding
$(\{M_{s}|s\in<\omega Y\}, \{j_{s,t}|s\subseteq t\in<\omega Y\rangle)$
$(i)-(iii)$ .
(i) $M_{\phi}=V$ .
(ii) $s\subseteq t\subseteq u$ , $j_{s,u}=j$ $u^{oj_{s,t}}$ . $j_{s,s}=idrM_{s}$ .
(iii) $y \in A\Leftrightarrow\lim_{arrow}(\{M_{y\uparrow n}|n\in\omega\rangle, \langle j_{y\uparrow m,y\uparrow n}|m\leq n\in\omega\rangle)$ is wellfounded.
Homogeneous tree embedding normal form .
, elementary embedding measure




extender Woodin cardinal ).
\langle $M_{n}|n\in\omega$ } elementary embedding $\langle j_{m,n}|m\leq n\in\omega\rangle$
,
(a) $j_{m,m}=idrM_{m}$ , for all $m\in\omega$ ,
(b) $j_{k,n}=j_{m,n}oj_{k,m}$ , if $k\leq m\leq n$ ,
(c) $M_{0}=V$
. $e_{k}\in M_{k}$ \langle $e_{k}|k\in\omega$ } , $\mu_{m}$
(1-11) $\mu_{m}(X)=1\Leftrightarrow\langle j_{k,m}(e_{k})|k<m\rangle\in j_{0,m}(X)$ , if $X\subseteq m_{V}$
. $Z$ $\mu_{m}$ $m_{Z}$ measure . crit $(j_{m,n})$
$\kappa$ \langle $\mu_{k}|k\in\omega$ } \kappa -complete measure . Ult(V, $\mu_{m}$ )
$M_{m}$ elementary embedding $\pi_{m}$
$\pi_{m}([FI\mu_{m}):=j_{0,m}(F)(\langle j_{k,m}(e_{k})|k<m\rangle)$










$(\{M_{k}|k\in\omega\rangle, \{j_{m,n}|m\leq n\in\omega\})$ $M_{\infty}$ , elementary embedding
$\pi_{\infty}$ : Ult(V, $\langle\mu_{m}|m\in\omega\rangle$ ) $arrow M_{\infty}$
. $M_{\infty}$ wellfounded $Ult(V, \{\mu_{m}|m\in\omega\rangle)$ .
4. Martin-Steel .
$\kappa$ . $\omega_{\omega}$ , $\omega\cross\kappa$ tree $\kappa$-Suslin .
classical Suslin D. A. Martin
. .
(1) , $\Sigma_{1}^{1},$ $\aleph_{0^{-}}Suslin$ .
(2) $\Sigma_{2}^{1}$- $\aleph_{1}$ -Suslin .
(3) $\kappa$ $\kappa$-Suslin , $\kappa$-Suslin .
(4) $\kappa$-Suslin $\kappa$-Suslin .
$\aleph_{0}$-Suslin , $\aleph_{1}$ -Suslin , $\kappa$-Suslin
. , homogeneous tree
.
. $T$ $\omega\cross Z$ homogeneous tree, $A\subseteq\omega\omega$ .
homogeneous tree
$x\in A\Leftrightarrow Ult(V, \{\mu_{x[n}|n\in\omega))$ is wellfounded.
. 1.1.1 , $Ult(V, \langle\mu_{n}|n\in\omega\rangle)$ wellfounded , $i_{m,m+1}(\beta_{m})>$
$\beta_{m+1},$ $(m=0,1,2, \cdots)$ { $\beta_{k}|k\in\omega$) ,
( $i_{m,n}$ Ult(V, $\mu_{m}$ ) $Ult(V, \mu_{n})$ elementary embedding
). $A$ $B$
$x\in B\Leftrightarrow(\exists\langle\beta_{k}|k\in\omega\rangle)(\forall m, n\in\omega)[m<n\Rightarrow j_{x\uparrow m,x\int n}(\beta_{m})>\beta_{n}]$
$\swarrow/$
. $\omega$ x Ord tree $T^{*}$
(1-13) $\langle s, u\rangle\in T^{*}\Leftrightarrow s\in<\omega\omega$ & $u\in<\omega$Ord & lh(s) $=1h(u)$
& $(\forall m, n<1h(s))$ [ $m<n\Rightarrow j$ m, $n(u(m))>u(n)$ ]
, $B=p[T^{*}]$ . $T^{*}$ –#xn proper clas ,
Replacement axiom . ,
$B=\neg p[T]=p[T^{*}]=p[T^{*}r2^{|Z|^{+}}]$
. , $x\not\in p[T|$ 121
, $2^{|Z|^{+}}$ .
$(\omega\cross\omega)\cross Z$ homogeneous tree $T$ $A\subseteq\omega\omega\omega\cross\omega$ .
$\omega\cross$ Ord tree $\tilde{T}$ .
(1-14) { $s,$ $u\rangle$ $\in\tilde{T}\Leftrightarrow s\in<\omega\omega$ & $u\in<\omega$Ord &lh(s) $=1h(u)$
&(\forall m, $n<1h(s)$ ) $[m<n\ t_{m}\subsetneq t_{n}\Rightarrow j_{\{s\uparrow 1h(t_{m}),t_{m}),(srlh(t_{n}),t_{n})}(u(m))>u(n)]$
$\langle t_{n}|n\in\omega\rangle$ ( ) $<\omega\omega$ enumeration .
$T^{*}$
$p[\tilde{T}]=p[\tilde{T}r2^{|Z|^{+}}]=\{x|(\forall y\in\omega\omega)[\langle x, y\rangle\not\in p[T]]\}$
.
homogeneous tree , [MS2] homogeneously
Suslin , .
$\omega\omega$ homogeneously Suslin Suslin . $\omega\omega\omega\cross\omega$ homoge-





$\delta$ Woodin cardinal , $T$ $\omega\cross Z$ (resp. $(\omega\cross\omega)\cross Z$ ) $\delta^{+}$-homogeneous tree





(1) $n$ Woodin cardinal $\delta_{n}<\cdots<\delta_{1}$ measurable cardinal $\lambda>\delta_{1}$
Determinacy $(\Pi_{n+1}^{1})$ .
(2) Woodin cardinal Projective Determinacy .
[ ] 1.2.2 $\Pi$ {- \mbox{\boldmath $\lambda$}-homogeneous tree . $A\subseteq\omega\omega\omega\cross\omega$
+- , $T$ $(\omega\cross\omega)\cross\lambda$ \mbox{\boldmath $\lambda$}-homogeneous tree ( $\delta_{1}^{+}$-homogeneous
tree ) $A=p[T]$ . Martin-Steel , $T$
$\tilde{T}$
$\delta_{2}^{+}$-homogeneous tree , $p[\tilde{T}]=\neg pA$ . n}- $\delta_{2}^{+_{-}}$
homogeneously Suslin . $k^{-\text{ }(k=1}1\ldots n+1$ )
homogeneously Suslin . 1.2.3 .
[ ]
: (1) Woodin cardinal inaccessible cardinal . measurable cardinal limit
. . (2) , $n$ Woodin
cardinal Determinacy$(\Pi_{n}^{1})$ .
. Deterninacy $(\Pi_{n}^{1})$ , $\Sigma_{n+1^{-}}^{1}wellordering$ (
[Mo] ) , $n$ Woodin cardinal $\Delta_{n+2}^{1}$-wellordering cl\supset
. , Determinacy$(\Pi_{n+1}^{1})$ $n$ Woodin cardinal i
( [MS3] ). (3) Woodin
.
(Woodin, [Wo])
supercompact cardinal $\kappa$ , $\omega\omega$ $L(\mathbb{R})$ $\omega\omega\omega\cross\omega$




$\exists$ supercompact $cardinal\Rightarrow L(R)\models Axiom$ of Determinacy.
$AD^{L(R)}$
$\omega$ Woodin cardinal , measurable
cardinal .
$\urcorner^{arrow}l$
\S 2. EXTENDERS ITERATION TREES
1. Extender .
subsection $i$ : $Varrow M$ $V$ $M$ elementary embedding
, $\kappa$ critical point . $Y$ $\kappa\in Y\subseteq V_{i(\kappa)}\cap M$
. $Y$ $a\in<\omega Y$ , $1h(a)_{V_{\kappa}}$ measure $E(a)$ ,
(2-1) $E(a)(X)=1\epsilon^{d}4ea\in j(X)$ , for $X\subseteq 1h(a)_{V_{\kappa}}$
$E=\langle E(a)|a\in<\omega_{Y\rangle}$ , $i$ $Y$ support
extender . elementary embedding
. extender ( ) .
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$Y$ . $E=\langle E(a)|a\in<\omega_{Y}$ } $Y$ support $\kappa$ critical point
extender , (1) $\sim(6)$ .
(1) $E(a)$ $1h(a)_{V_{\kappa}}$ \kappa -complete measure , $\kappa^{+}$-complete
$E(a)$ .
(2) $a,$ $b\in<\omega Y$ $a\subseteq b$
(2-2) $E(a)(X)=E(b)(\{z\in 1h(b)_{V_{\kappa}}|zr1h(a)\in X\})$ , for $X\subseteq 1h(a)_{V_{\kappa}}$
. , $E(a)$ $E(b)$ .




(2-3) $E(a)(\{z|\forall m, n<1h(a)[z(m)\in z(n)\Leftrightarrow a(m)\in a(n)]\})=1$ ,













$frm\in X_{m}$ , for all $m\in\omega$
.
: [MS2] extender (2-4) .
( ),
(2-4) extender .
$E$ elementary embedding $j$ extender ,
. 21 extender
$E$ elementary embedding extender .
extender .
$E$ $Y$ support $\kappa$ critical point extender .
$F$ : $1h(a)_{V_{\kappa}}arrow V,$ $G$ : $1h(b)_{V_{\kappa}}arrow V$ , $(F, a)$ $(G, b)$ $E$ (
$(F, a)\sim E(G, b)$ ) .
(2-5) $(F, a)\sim E(G, b)$
$<^{d}e4E(a^{\wedge}b)$ ( $\{z^{\wedge}w|z\in^{1h(a)}V_{\kappa}\ w\in 1h(b)V_{\kappa}$ &F(z) $=G(w)\}$ ) $=1$





. $(F, a)\sim E(F, a)$ . (3) ,
\langle (3) (2) . $\sim E$ $F$ : $1h(a)_{V_{\kappa}}arrow V,$ $(a\in<\omega Y)$ $a$
. $(F, a)$ [$F\mathbb{I}a$ .
Ult(V, $E$)
, $V$ extender $E$ . $Ult(V, E)$ $\in E(E$
) .
(2-6) $[FJ_{a}\in E\ovalbox{\tt\small REJECT} G\mathbb{I}be^{d}4eE(a^{\wedge}b)(\{z^{s}w|F(z)\in G(w)\})=1$
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\langle Ult(V, $E),$ $\in E\rangle$ wellfounded .
[ ] (6) . $Ult(V, E)$ wellfounded , \in E-
.
(2-7) $I^{F}oJ_{a_{0}}\ni E[p_{1}Ia_{1}\ni E$ $\ni E[F_{n}Ia_{n}\ni E$
. 2.1 (2) (2-5) ,
$a_{0}\subset a_{1}\subset\cdots\subset a_{n}\subset\cdots$




$X_{1h(a_{n+1})}$ $:=\{z\in^{1h.(a_{n+1})}V_{\kappa}|zr1h(a_{n})\in X_{1h(a_{\hslash})}\ F_{n+1}(z)\in F_{n}(zr1h(a_{n}))\}$
$X_{m}$ $m<1h(a\ovalbox{\tt\small REJECT}$ $n$ $X_{1h(a_{n})}$
. , (2-7) 2.1 (2)
$E(urm)(X_{m})=1$ , for all $m\in\omega$
. $u= \bigcup_{n\in\omega}a_{n}\in\omega Y$ . 21 (6) , $f\in\omega V_{\kappa}$
$frm\in X_{m}$ , for all $m\in\omega$
$\sim^{\eta_{arrow>}}$
. $X_{m}$
$F_{0}(fr1h(a_{0}))\ni F_{1}(fr1h(a_{1}))\ni\cdots\ni F_{n}(fr1h(a_{n}))\ni\cdot$ .
. [ ]
: $Ult(V, E)$ $E$ 2.1 (1) (5)
measure . (6) Ult(V, $E$ )
wellfounded . $E$ 2.1
(5) , (6) Ult(V, $E$ ) wellfounded
. (6) . (6)
$\langle X_{m}|m\in\omega\rangle,$ $u\in\omega Y$ , $V_{\kappa}$ tree $S$
$S$ $:=\{z\in<\omega_{V_{\kappa}}|\forall m\leq 1h(z)[zrm\in X_{m}]\}$
, $z,$ $w\in S$ $z\prec w\Leftrightarrow w\subset z$ , $S$ path $\prec$
wellfounded . $F_{n}$ : $n_{V_{\kappa}}arrow Ord$





Ult $(V, E)$ wellfounded .
2.12
$x$ , $1h(a)_{V_{\kappa}}$ $x$ $C_{x}^{a}$ .
(1) $IC_{x}^{a}J_{a}$ $x$ .
(2) $\varphi(v_{1}, \cdots v_{n})$ LST $F_{k}$ : $1h(a_{k})V_{\kappa}arrow V,$ $(1\leq k\leq n)$
.
(2-7) $\langle$ $Ult(V, E),$ $\in E$ ) $\models\varphi([F_{1}\mathbb{I}a_{1} --, [F_{n}Ia_{\hslash})$
$\Leftrightarrow E(a_{1^{\wedge\wedge}}\cdots a_{n})(\{z_{1}\cdots z_{n}\wedge|\varphi(F_{1}(z_{1}), \cdots F_{n}(a_{n}))\})=1$
2 $\grave{f}$
(3) $x$ $\mathbb{I}C_{x}^{a}J_{a}$ $i_{E}$ , $i_{E}$ : $Varrow Ult(V, E)$
{Ult(V $E$ ) $,$ $\in E\rangle$ elementary embedding .
[ ] (1) $\sim E$ . (2) $\varphi$ .
Lo\’{s} . . (3) (2) . [ ]
2.1.1 2.1.2 , $E$ extender { $Ult(V, E),$ $\in E\rangle$
. Mostowski Collapsing Lemma \in -
. \in - $Ult(V, E)$ , $\in E$ $\in$
. [$FJ_{a}$ , \in - .
21.3
$E$ extender , $\kappa$ critical point crit $(i_{E})=\kappa$ .
[ ] $E(a)$ \kappa -complete , $\kappa$ $i_{E}rV_{\kappa}=idrV_{\kappa}$
. $\kappa^{+}$ -complete $E(a)$ ( 2.1 (1) )
, $1h(a)_{V_{\kappa}}$ { $X_{\alpha}|\alpha<\kappa\rangle$ .
$\alpha<\beta<\kappa\Rightarrow X_{\alpha}\cap X\rho=\phi$ ,
$E(a)(X_{\alpha})=0$ , for all $\alpha<\kappa$ ,
$\bigcup_{\alpha<\kappa}X_{\alpha}=^{1h(a)}V_{\kappa}$ .
$F$ : $1h(a)_{V_{\kappa}}arrow\kappa$
$F(z):=$ unique $\alpha<\kappa$ such that $z\in X_{\alpha}$
. $z\in 1h(a)V_{\kappa}$ $F(z)<\kappa$ [$FIa<i_{E}(\kappa)$ ,
$\alpha<\kappa$ [$FJ_{a}=i_{E}(\alpha)=\alpha$ [$FJ_{a}\geq\kappa$ . $i_{E}(\kappa)>\kappa$
, crit $(i_{E})=\kappa$ [ ]
$a\in<\omega_{Y,m}<1h(a)$ , $H_{m}^{a}$ : $1h(a)_{V_{\kappa}}arrow V_{\kappa}$
(2-8) $H_{m}^{a}(z)$ $:=z(m)$ , for each $z\in 1h(a)_{V_{\kappa}}$






[ ] $a(m)=u$ , rank$(u)$ . rank$(y)<$
$rank(u)$ $y$ , $c(k)=y$ $c\in<\omega_{Y}k<1h(c)$ [$H_{k}^{c}Ic=y$
.
[$F\mathbb{I}b\in[H_{m}^{a}Ia$ . $F$ : $1h(b)_{V_{\kappa}}arrow V_{\kappa}$ .
$E(a^{\wedge}b)(\{z^{\wedge}w|F(w)\in H_{m}^{a}(z)\})=1$
$E(a^{\wedge}b)(\{z^{\wedge}w|F(w)\in z(m)\})=1$
















$\overline{a}(n)=y\in a(m)=u$ $y=[H_{n}^{\overline{a}}I\overline{a}$ .
$y\in[H_{m}^{\overline{a}}J_{\overline{a}}=[H_{m}^{a}Ia$
$a(m)\subseteq[H_{m}^{a}Ia$ . [ ]
$A\backslash \zeta$
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support(E) $=Y\subseteq Ult(V, E)$ . $H_{m}^{a}$
$y\in<\omega_{Y}$ rank , .
rank$(y)=rank([H_{m}^{a}]_{a})=[\langle rank(z(m))|z\in 1h(a)_{V_{\kappa}}\rangle Ia<i_{E}(\kappa)$
$Y\subseteq V_{j(\kappa)}$ .





[id $r^{1h(a)}V_{\kappa}J_{a}(m)=[\{z(m)|^{1h(a)}V_{\kappa}\rangle$ $Ia=[H_{m}^{a}J_{a}=a(m)$ , for all $m<1h(a)$ .
[id $r^{1h(a)_{V_{\hslash}I=a}}a$ [ ]
21.7
$E$ extender , $E’$ elementary embedding $i_{E}$ extender
support$(E)$ =Y=support(E) . $E^{/}=E$ .
[ ] $X\subseteq 1h(a)_{V_{\kappa}}$ ,
$\Leftrightarrow E(a)(X)=1$






$E$ extender , $Y^{/}\subseteq support(E)$ . , $ErY^{/}$ $Y^{/}$ support
extender .
[ ] $ErY^{/}$ $i_{E}$ extender [ ]
2. extender .
$M$ ,
$M\models E$ is an extender.”
, subsection $M$ , $E$ $M$ $Ult(M, E)$
$($Ult(V, $E$ ) $)^{M}$ . $Ult(M, E)$ $M$ elementary ,
.
$M$ , $N$ , $N$ $E$ $Ult(N, E)$
.
$F:^{1h(a)}(V_{\kappa}\cap N)arrow N$, $F\in N$
(2-5) $E$ , $E$ $N$
, (2-5) $1h(a)(V_{\kappa}\cap N)$ $M$ .
$V_{\kappa+1}\cap M=V_{\kappa+1}\cap N$
. $\kappa$ $E$ critical point .
$Ult(N, E)$ ,
$i_{E}^{N}$ : $Narrow Ult(N, E)$
. $N$ subtheory $i_{E}^{N}$ elementary embedding
.
$Ult(N, E)$ $N$ ,
. 2.1.1 , $Ult(N, E)$ wellfounded
. $Ult(N, E)$ wellfounded $M$ $N$
.
$M$ $\omega$-closed , $\omega_{M\subseteq M}$ ,
$\forall m\in\omega[x_{m}\in M]\Rightarrow\langle x_{m}|m\in\omega)\in M$





$M,$ $N$ , .
(i) $V_{\kappa+1}\cap M=V_{\kappa+1}\cap N$
(ii) $M\models E$ is an extender, and crit $(E)=\kappa$ .
(iii) $M$ is $\omega$-closed.
, Ult $(N, E)$ wellfounded .
[ ] $Ult(N, E)$ wellfounded . Ult $(N, E)$ $E$ $\in_{E}^{N}$
, \in NE-
$[F_{0}Q_{a0E}\ni^{N}[F_{1}Q_{a_{1}}\ni^{N}\cdots\ni^{N}[F_{n}Ia_{n}\ni_{E}^{N}\cdots$
, 2.1.1 ( $X_{m}|m\in\omega\rangle$ , $M$
$\omega$-closed $V_{\kappa+1}\cap M=V_{\kappa+1}\cap N$
$\langle X_{m}|m\in\omega\rangle\in M$
, $E$ $M$ extender . [ ]
, extender iteration tree
.
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$M,$ $N$ , .
(1) $V_{\rho+1}\cap M=V_{\rho+1}\cap N$
(2) $M\models E$ is an extender, and crit $(E)=\kappa\leq\rho$ .
(3) $Ult(N, E)$ is wellfounded.
, .
(a) $F$ : $1h(a)(V_{\kappa}\cap M)arrow V_{\rho+1}\cap M$ $[FI_{a}^{M}=[FJ_{a}^{N}$ .
(b)
(c)
[ ] (a) $F$ $M$ $N$ . (a)






(v) . $N$ is $\omega$-closed.
, $Ult(N, E)$ $\omega$-closed . $Y=$ support(E) , $\leq\omega_{Y}$
$<\omega_{Y\cup^{\omega}Y}$ .
[ ] [$F_{m}I_{a}^{N_{m}},$ $(m\in\omega)$ . (v) , { $1h(a_{m})|m\in\omega\rangle$ $\in N$
. (iv) , $b:=\{a_{m}|m\in\omega\}\in Y$ . $\hat{F}$ : $1V_{\kappa}arrow V$
$\hat{F}(\{y\rangle)$ $:=\{\begin{array}{l}\langle F_{m}(y(m))|m\in\omega\rangle,ify\in\omega N \ \forall m ]h(a_{m})\phi,otherwise\end{array}$
. (v) \langle $F_{m}|m\in\omega$ } $\in N$ , $\hat{F}\in N$ .
$X$ $:=$ { $\langle y\rangle\in 1V_{\kappa}|y\in\omega_{N}$ &\forall m\in \omega $[y(m)\in 1h(a_{m})_{V_{\kappa}]}$ }
, $E(\{b\rangle)(X)=1$ ( ). $Ult(N, E)t^{arrow}$. , [$\hat{F}I_{(b\rangle}^{N}$ $\omega$
, $t$$(\langle$
$[\hat{F}J_{\{b)}^{N}(m)=[\{y\ranglerightarrow F_{m}(y(m))I_{\{b)}^{N}$
. { $y\rangle$ $\vdasharrow F_{m}(y(m))$ $\hat{F}_{m}$ ,
$\{[\hat{F}_{m}J_{(b)}^{N}|m\in\omega)=\ovalbox{\tt\small REJECT}\hat{F}I_{(b)}^{N}\in N$




$E(\{b\}\wedge a_{m})(\{\{y\rangle\wedge z|\hat{F}_{m}(\{y\rangle)=F_{m}(y(m))\})=1$. $(\hat{F}_{m}, \langle b\rangle)\sim E(F_{m}, a_{m})$
.
$E(\{b\})(X)=1$ . $b$ $Y\subseteq V_{i_{E}^{M}(\kappa)}\cap Ult(M, E)$ ,




$E(\{b\rangle)$ ( $\{\langle y\rangle|y\in\omega_{M}$ &\forall m\in \omega $[y(m)\in 1h(a_{m})_{V_{\kappa}]}\}$ ) $=1$ .
, (i) , $X$ . [ r\sim ]
: , 2.2.3 (iv) , ($E$ $\omega$-closed support .” .
3. Iteration tree .
tree , initial segment poset . $X$
tree . iteration tree tree (node $=tree$
) , (Path) elementary
embedding . .
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$\alpha$ $0$ , $\omega$ . $V$ $\alpha$ iteration tree ,
$\mathcal{T}=(\prec, (M_{k}|k<\alpha\rangle, \langle E_{k}|k+1<\alpha\rangle, \langle\rho_{k}|k+1<\alpha))$
, $(i)\sim(vii)$ .
(i) $\prec$ $\alpha$ tree , . , $m\prec n$
$m<n$ .
(ii) $M_{k},$ $(k<\alpha)$ , $M_{0}=V$ .
(iii) { $\rho_{k}|k+1<\alpha\rangle$ .
(iv) $k+1<\alpha$ , $E_{k}\in M_{k}$ ,
$M_{k}\models(E_{k}$ is an extender.”
.
(v) $k+1<\alpha$ , $V_{\rho_{k}}$ $M_{k}\subseteq support(E_{k})$ .
(vi) $k_{1}\leq k_{2}<\alpha$ , $V_{\rho k_{1}+1}\cap M_{k_{1}}=V_{\rho k_{1}+1}\cap M_{k_{2}}$ .
(vii) $k+1<\alpha$ $\prec$ $k^{*}$ , $\rho_{k^{*}}\geq crit(E\ovalbox{\tt\small REJECT}$ ,
$M_{k+1}=Ult(M_{k}*, E_{k})$
.
Fig. 2.1 7 iteration tree -$\ovalbox{\tt\small REJECT}$] .
$?t$
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Fig. 2.1 iteration tree
$j/$
: iteration tree , proper class ,
$\prec$ $\langle E_{k}|k+1<\alpha\rangle$ { $\rho_{k}|k+1<\alpha\rangle$ { $M_{k}|k<\alpha\rangle$
, proper class .
, iteration tree $(\prec, \{E_{k}|k+1<\alpha\rangle, (\rho_{k}|k+1<\alpha))$
.
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$V$ $n+1$ iteration tree,
$T=(\prec,$ $(M_{k}|k\leq n\rangle, \langle E_{k}|k<n\rangle, \{\rho_{k}|k<n\rangle)$
. extender $E_{k}$ $\omega$-closed support . $E,$ $\rho,\tilde{n}$
.
(1) $M_{n}\models E$ is an extender.”
(2) $V_{\rho+1}\cap M_{n}\subseteq support(E)$ .
(3) support $(E)$ $\omega$-closed .
(4) $p\geq\rho_{n-1}$ .
(5) $\tilde{n}\leq n,$ $\rho_{\overline{n}}\geq crit(E)$ .
, $n+2$ iteration tree,
$\mathcal{T}=(\prec’,$ $\langle M_{k}|k\leq n+1\rangle,$ $\langle E_{k}|k<n+1\rangle,$ $(\rho_{k}|k<n+1\rangle)$
.
(a) $\prec’rn+1=\prec$ .
(b) $\prec$ $n+1$ .
(c) $E_{n}=E$ .
(d) $\rho_{n}=p$ .
[ ] $M_{n+1}$ Ult $(M_{\tilde{n}}, E)$ , support $\omega$-closed
wellfounded . (subsection 2.2 ). [ ]
: $\Re[MS1]$ , support $\omega$-closed .
[MS3] .
tree (branch) , @X\emptyset . tree initial
segment , branch . , branch
$\lrcorner\underline{)}$
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branch . $\omega$ tree , branch
.
$V$ $\omega$ iteration tree,
(2-10) $\mathcal{T}=(\prec, \langle M_{k}|n\in\omega\rangle, \{E_{k}|k\in\omega\rangle, \{\rho_{k}|k\in\omega\rangle)$
, elementary embedding $\langle i_{m,n}|m\preceq n\in\omega\rangle$ .
(i) $i_{k,k}$ $:=idrM_{k}$ ,
(ii) $i_{k^{*},k+1}$ $:=i_{E_{k}}^{M_{k^{*}}}$ ,
(iii) $i_{k_{1},k_{3}}$ $:=i_{k_{2},k_{3}}\circ i_{k_{1},k_{2}}$ , if $k_{1}\preceq k_{2}\preceq k_{3}$ .
elementary embedding , $\prec$ branch $b\subseteq\omega$ limit model
$M_{b}$
$M_{b}$ $:= \lim_{arrow}(\{M_{n}|n\in b\}, \langle i_{m,n}|m\preceq n\in\omega\})$
. $M_{b}$ wellfounded , .
2.3.2 . branch limit model wellfoundednes ,




$\mathcal{T}$ (2-10) iteration tree , $E_{k}$ $\omega$-closed support . $b\subseteq\omega$
$\prec$ branch . $(\#)$ $\langle\xi_{n}|n\in\omega-b\rangle$
, limit model $M_{b}$ wellfounded .
$(\#)$ $m\prec n\ m\not\in b\Rightarrow i_{m,n}(\xi_{m})>\xi_{n}$ $(m, n\in\omega)$
33
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\S 3. WOODIN CARDINALS
$\lambda$
1. .
subsection Woodin cardinal Shelah, superstrong supercompact
.
3.1
(1) $\kappa$ \mbox{\boldmath $\lambda$}-supercompact cardinal , elementary embedding $j$ : $Varrow M$
crit $(j)=\kappa,$ $\lambda M\subseteq M$ .
(2) $\kappa$ superstrong cardinal , elementary embedding $j$ : $Varrow M$
crit $(j)=\kappa,$ $V_{j(\kappa)}\subseteq M$ .
(3) $\kappa$ Shelah cardinal , $f$ : $\kappaarrow\kappa$ , elementary embedding
$j$ : $Varrow M$ crit $(j)=\kappa,$ $V_{j(f)(\kappa)}\subseteq M$ .
(4) $\delta$ Woodin cardinal , $f$ : $\deltaarrow\delta$ , elementary embedding
$i$ : $Varrow M$ $\kappa<\delta$ , crit $(j)=\kappa,$ $f(\kappa\subseteq\kappa,$ $V_{j(f)(\kappa)}\subseteq M$
.
, elementary embedding
. supercompact 3 extender . Woodin
cardinal . \mbox{\boldmath $\lambda$}-supercompact ( $\mathcal{P}_{\hslash}\lambda$ \kappa -complete
normal measure ) supercompact cardinal
[SRK] .
3.11
(1) $\kappa$ superstrong , extender $E$ crit $(E)=\kappa$ ,
support(E) $=V_{i_{E}(\kappa)}$ .
(2) $\kappa$ Shelah cardinal , $f$ : $\kappaarrow\kappa$ extender
$E$ crit $(E)=\kappa$ , $V_{i_{E}(f)(\kappa)}$ \subset support(E) .
[ ] (1) . $\kappa$ superstrong
cardinal $j$ : $Varrow M$ . $V_{j(\kappa)}\subseteq M$ , $j$
extender , support $V_{j(\kappa)}$ , $E$ . $Ult(V, E)$
$M$ elementary embedding $k$ ( 2.1.9 ). $koi_{E}=j$
. 2.1.5
$V_{j(\kappa)}=support(E)\subseteq V_{i_{E}(\kappa)}\cap Ult(V, E)$





. $E$ extender .
(2) . . $f$ : $\kappaarrow\kappa$
. elementary embedding $j$ : $Varrow M$ crit $(j)=\kappa,$ $V_{j(f)(\kappa)}\subseteq M$
. $j$ , $V_{j(f)(\kappa)}$ support extender $E$ , (1)
, $i_{E}(f)(\kappa)\leq j(f)(\kappa)$ . ,
$V_{i_{E}(f)(\kappa)}\subseteq V_{j(f)(\kappa)}=support(E)\subseteq Ult(V, E)$
. $E$ . [ ]
: 3.1.1 (2) , extender $\omega$-closed support
. $f$ $(\forall\gamma<\delta)[f(\gamma)\leq f’(\gamma) \ cf(f^{/}(\gamma))\geq\omega_{1}]$
$f’$ .
3.12
(1) $\kappa$ $2^{\kappa}$ -supercompact , superstrong cardinal .
(2) $\kappa$ superstrong cardinal , Shelah cardinal .
(3) $\kappa$ Shelah cardinal , Woodin cardinal .
: 3.12 3 ( $\kappa$ ” .
Shelah cardinal Woodin cardinal , unbounded Woodin
cardinal . [MS2] section 4 .
, 2 (3) . extender
.
3.1.3
$\delta$ Woodin cardinal . $A\subseteq V_{\delta}$ . $\kappa<\delta$
$\delta$ unbounded .
$\alpha<\delta$ , extender $E\in V_{\delta}$
(1) crit $(E)=\kappa$ .
(2) $V_{\alpha}\subseteq support(E)$ .
(3) support(E) $\omega$-closed .
(4) $V_{\alpha}\cap A=V_{\alpha}\cap i_{E}(A)$ .
4 .
$s^{-}$
[ ] , $\beta<\delta$ , $\kappa\geq\beta$
. .
$\kappa\geq\beta$ $\alpha<\delta$ $\alpha\geq\kappa+3$ , $\alpha(\kappa)$
. $f$ : $\deltaarrow\delta$
$f(\kappa)$ $:=\{\begin{array}{l}\beta+1if\kappa<\beta\alpha(\kappa)+\omega_{1}+1if\kappa\geq\beta\end{array}$
. $\delta$ Woodin cardinal , elementary embedding $j$ : $Varrow M$
$f$ Woodin cardinal . , crit $(j)=\kappa$
, $f\kappa\subseteq\kappa,$ $V_{j(f)(\kappa)}\subseteq M$ . $f$ , $\kappa>\beta=j(\beta)$ ,
$f(\kappa)=\alpha(\kappa)+\omega_{1}+1$ . $j$ elementary $j(f)(j(\kappa)\subseteq j(\kappa)$ , $j(\kappa)>\kappa$
$j(f)(\kappa)<j(\kappa)$ .
, $E$ $j$ extender , $V_{j(\alpha)(\kappa)+\omega_{1}}$ support .
$j(f)(\kappa)=j(\alpha)(\kappa)+\omega_{1}+1$
support(E) $=V_{j(\alpha)(\kappa)+\omega_{1}}\in V_{j(\alpha)(\kappa)+\omega_{1}+1}\subseteq M$
. $f(\gamma)\geq\gamma+3$ , $j(f)(\kappa)\geq\kappa+3$ , $V_{\kappa+3}\subseteq M$ .
21.10( 1) $E\in M$ .
$E$ support $V_{j(\alpha)(\kappa)+\omega_{1}}$ \omega -closed . $E$ $V_{j(\alpha)(\kappa)+\omega_{1}}\cross V_{\kappa+2}$
, $E\in V_{j(\kappa)}$ .
$k$ :Ult(V, $E$) $arrow M$ 2.1.9( 1) elementary embedding .
$koi_{E}=j$ , $krV_{j(\alpha)(\kappa)+\omega_{1}}$ identity .
$j(A)\cap V_{j}(\alpha)(\kappa)=k(i_{E}(A))\cap V_{j(\alpha)(\kappa)}=i_{E}(A)\cap V_{j(\alpha)}$
. $E\in M$ $i_{E}^{M}(A\cap V_{\kappa+1})=i_{E}(A\cap V_{\kappa+1})$ . $j(\alpha)(\kappa)$
$E$ support $j(\alpha)(\kappa)<i_{E}(\kappa)=i_{E}^{M}$ .
$j(A)\cap V_{\kappa}=A\cap V_{\kappa}$ $i_{E}^{M}$ , $i_{E}^{M}(j(A))\cap V_{i_{E}^{M}(\kappa)}=i_{E}^{M}(A)\cap V_{i_{E}^{M}(\kappa)}$
. ,




$(1^{*})$ $E\in M$ crit $(E)=\kappa$ .
$(2^{*})$ $V_{j(\alpha)(\kappa)}\subseteq support(E)$ .
$(3^{*})$ support(E) $\omega$-closed .
$(4^{*})$ $V_{j(\alpha)(\kappa)}\cap j(A)=V_{j(\alpha)(\kappa)}\cap i_{E}^{M}(A)$ .
$M$ $j(\alpha)(\kappa)$ $\kappa>\beta=j(\beta)$ (1) $\sim(4)$ ( $j$
elementary ) . [ ]
Woodin cardinal Woodin cardinal .
.
3.1.4
$\delta$ Woodin cardinal , $f$ : $\deltaarrow\delta$ extender
$E\in V_{\delta}$ $fcrit(E)\subseteq$ crit $(E),$ $V_{i_{E}(f)(crit(E))}\subseteq$ support(E) .
support(E) $\omega$-closed .
[ ] .
$\gamma<\delta$ $f(\gamma)\geq\gamma$ . $A=f=\{\langle\gamma, f(\gamma)\}|\gamma<\delta\}$
, $A$ 3.1.3 . $\kappa$ , $\alpha=f(\kappa)+3$
(1) $\sim(4)$ extender $E\in V_{\delta}$ . , (1) $\sim(4)$
(1) crit $(E)=\kappa$ .
(2) $V_{f(\kappa)+3}\subseteq support(E)$ .







. $LST(V_{\alpha}\cup\{\delta\})$ , $\alpha\leq\delta$ , $\delta$
. $\alpha\geq\omega$ $LST(V_{\alpha}\cup\{\delta\})\subseteq V_{\alpha}$
.
$\beta>0$ . $z\in<\omega V_{\delta+\beta}$ , $\delta$ $(\alpha, \beta)$-type $LST(V_{\alpha}\cup\{\delta\})$
$\varphi(v)$
$V_{\delta+\beta}\models\varphi(z)$
. , $\omega\leq\alpha<\alpha^{/}\leq\delta,$ $\beta<\beta’$
$Jl$
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$\tau$ $z$ $(\alpha, \beta)$ -type .”
$Z^{\wedge}\langle\alpha\rangle$ $(\alpha^{/}, \beta’)$ -type .
32
$\kappa<\delta$ $\delta$ $z\in<\omega V_{\delta+\beta}$ $\beta- reflecting$ , $\alpha<\delta$
$E\in V_{\delta}$ .
(1) $E$ extender , critical point $\kappa$ .
(2) $V_{\alpha}\subseteq support(E)$ .
(3) support $(E)$ $\omega$-closed .
(4) $z$ $(\alpha, \beta)- type$ $Ult(V, E)$ $i_{E}(z)$ $(\alpha, i_{E}(\beta))$-type .
Woodin cardinal , reflecting cardinals
. Woodin cardinal , .
3.2. 1
Inaccessible cardinal $\delta$ $(a)-(c)$ .
(a) $\delta$ Woodin cardinal .
(b) $\beta$ $z\in<\omega V_{\delta+\beta}$ , $\kappa<\delta$ $\delta$ $z$ $\beta- reflecting$
$\delta$ unbounded .
(c) $z\in<\omega_{V_{\delta+1}}$ , $\kappa<\delta$ $\delta$ $z$ $1- reflecting$
$\delta$ unbounded .
[ ] $(a)\Rightarrow(b)$ . $z\in<\omega V_{\delta+\beta}$ , $A$ $z$ $(\delta, \beta)$-type . $A$
3.1.3 $\kappa$ $\delta$ unbounded .
$\alpha<\delta$ , (1) $\sim(4)$ extender $E\in V_{\delta}$ .




$i_{E}(A)=(i_{E}(\delta), i_{E}(\beta))$-type of $i_{E}(z)$




$(\alpha, \beta)$-type of $z=(\alpha, i_{E}(\beta))$-type of $i_{E}(z)$
. $\kappa$ $z$ $\delta$ $\beta- reflecting$ . (b)
. (b)\Rightarrow (C) .
$(c)\Rightarrow(a)$ . $f$ : $\deltaarrow\delta$ . $\kappa<\delta$ $\delta$ \langle $f$ }
l-reflecting . $\alpha=\sup(\{f(\xi)|\xi\leq\kappa\}\cup\{\kappa+1\})$ , l-reflecting
$\alpha$ $E\in V_{\delta}$ .
(1) $E$ extender , crit $(E)=\kappa$ .
(2) $V_{\alpha}\subseteq support(E)$ .
(3) support(E) $\omega$-closed .
(4){ $f\rangle$ $(\alpha, 1)$ -type Ult(V, $E$) $\langle i_{E}(f)\rangle$ $(\alpha, 1)$-type .
$\xi\leq\kappa$ $f(\xi)<\alpha$ “ $\gamma=f(\xi)$ \langle $f$} $(\alpha, 1)$-type
. (4) $Ult(V, E)$ $\gamma=i_{E}(f)(\xi)$ . ,
$\xi\leq\kappa$ $i_{E}(f)(\xi)=f(\xi)<\alpha$ .
$\xi<\kappa$ $i_{E}(\xi)=\xi$ $i_{E}(f(\xi))=i_{E}(f)(\xi)=f(\xi)<\alpha\leq i_{E}(\kappa)$ . $i_{E}$
$V$ $f(\xi)<\kappa$ . $f\kappa\subseteq\kappa$ . $\xi=\kappa$
$i_{E}(f)(\kappa)=f(\kappa)<\alpha$
$V_{i_{E}(f)(\kappa)}\subseteq V_{\alpha}\subseteq support(E)$
. $\delta$ Woodin cardinal . [ \mbox{\boldmath $\mu$}\sim ]
embedding normal form technical .
.
3.2.2
$M,$ $N$ $\omega$-closed , $\delta$ $M$ inaccessible cardinal . $\kappa<\delta$ ,
$\beta,$ $\beta’$ $x\in<\omega V_{\delta+\beta}\cap M,$ $x/\in<\omega V_{\delta+\beta’}\cap N,$ $E\in V_{\delta}\cap M$ (i), (ii)
.






: $(\alpha, \beta)$-type $\beta- reflecting$ $\delta$ ”
. $\delta$ , $(\alpha, \beta)$-type
\beta -reflecting ( ) $\delta$ .
[ ] $M,$ $N$ $\omega$-closed ,(a) (ii) 2.2.1 . 2.2.2 (ii)
(b) . $(\alpha, -)$-type $V_{\alpha}$ ,
$(\alpha, i_{E}^{N}(\beta’))$-type of $i_{E}^{N}(x’)$ in $Ult(N, E)$
$=(\alpha, i_{E}^{M}(\beta))$-type of $i_{E}^{M}(x)$ in $Ult(M, E)$
$=(\alpha, \beta)$-type of $x$ in $M$
(c) ( $\delta=i_{E}^{M}(\delta)=i_{E}^{N}(\delta)$ ). [ ]
3.2.3 (One-Step Lemma)
$M,$ $N,$ $\delta,$ $\kappa,$ $\beta,$ $\beta’,$ $\xi,$ $x,$ $x’,$ $\varphi$ .
.
$\eta<\delta,$ $y\in<\omega V_{\kappa+\beta}$ $E,$ $\kappa^{*},$ $\xi^{*},$ $y^{*}$ .
$*0$
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(ix) $y^{*}\in<\omega_{V_{\delta+i_{E}^{N}(\beta)}}\cap Ult(N, E)$ .
.
$(a^{*})V_{\kappa^{*}+1}\cap Ult(N, E)=V_{\kappa^{*}+1}\cap M$ .
$(b^{*})Ult(N, E)$ $i_{E}^{N}(x’)\wedge y^{*}$ $(\kappa^{*}, \xi^{*})$-type $M$ $x^{\wedge}y$ $(\kappa^{*}, \xi)$-type
.
$(c^{*})\kappa^{*}$ $Ult(N, E)$ $\delta$ $i_{E}^{N}(x^{/})\wedge y^{*}$ $\xi^{*}$-reflecting .
$(d^{*})V_{\delta+i_{E}^{N}(\beta)}\cap- Ult(N, E)\models\varphi(\xi^{*})$ .
$(e^{*})$ $y$ \delta ‘‘‘|I , $y^{*}$ $V_{\delta+i_{E}^{N}(\beta)}\cap Ult(N, E)$ $V_{\kappa^{*+1}}\cap Ult(N, E)$
$\delta,$ $i_{E}^{N}(x’)$ .
[ ] $\delta$ $M$ Woodin cardinal , $\kappa^{*}$ $\eta<\kappa^{*}<\delta$ , $M$ $x^{\wedge}y$
$\xi- reflecting$ . $\kappa$ $M$ $x$ $\beta- reflecting$
$E\in V_{\delta}\cap M$ ( 3.2 $\alpha:=\kappa^{*}+1$ ).
(1) $M\models(E$ is an extender and crit $(E)=\kappa’$ .
(2) $V+1$ \cap Msupport(E).
(3) support(E) $\omega$-closed.
(4) $M$ $x$ $(\kappa^{*}+1, \beta)$-type $Ult(M, E)$ $i_{E}^{M}(x)$ $(\kappa^{*}+1, i_{E}^{M}(\beta))$-type
.
3.2.2 , $(a^{*})$ . , $Ult(N, E)$ $i_{E}^{N}(x$ $(\kappa^{*}+1, i_{E}^{N}(\beta’))$-type
$M$ $x$ $(\kappa^{*}+1, \beta)$ -type .
$\tau$ $M$ $x^{\wedge}y$ $(\kappa^{*}, \xi)$-type
$V_{\delta+\beta}\cap M\models(\exists\dot{\xi})(\exists\dot{y})[\dot{y}\in<\omega V_{\delta+\dot{\xi}}$
&\mbox{\boldmath $\tau$}= $($ \kappa *, $\dot{\xi})$-type of $x^{\wedge}\dot{y}$ relative to $\delta$
&\kappa *is $\dot{\xi}$-reflecting in $x^{\wedge}\dot{y}$ relative to $\delta$
&\varphi (\mbox{\boldmath $\xi$})]
?/
$(e^{*})$ $y^{*}$ ( ) .
$V_{\delta+i_{E}^{N}(\beta’)}\cap Ult(N, E)$ $\tau,$
$\delta,$ $\kappa^{*},$ $i_{E}^{N}(x’)$ \llcorner \check . $\kappa^{*},$ $\tau$
$V_{\kappa^{*}+1}\cap Ult(N, E)$ $(e^{*})$ . [ ]
3. Alternating Chains.
subsection iteration tree alternating chain , Subsection 2
One-Step Lemma Woodin cardinal alternating chain .
$\omega$ $\prec$ .
$m\prec n\Leftrightarrow(m=0 \ n>0)\vee(n>m$ & ($n-m$ is even”)
$\prec$ ( ) iteration tree alternating chain .
alternating chain iteration tree $\prec$ , extender
$(\langle E_{k}|k+1<\nu\rangle, \langle p_{k}|k+1<\nu\rangle)$
$M_{0}$ $:=V$, $M_{n+1}$ $:=$ Ult $(M_{n}$ 1’ $E_{n})$
alternating chain (Fig. 3.1 ).




alternating chain , tree itera-
tion tree .
3.3. 1
Woodin cardinal $\delta$ $0<a<\omega$ $a$ , $a$ tree $\prec$
, $\prec$ , $a$ $\omega$-closed iteration tree
$\mathcal{T}=(\langle M_{k}|k<a\rangle, \langle E_{k}|k<a-1\rangle, \langle p_{k}|k<a-1\rangle)$
. iteration tree extender $V_{\delta}$ .
[ ] $n<a$ $n$ . , $n+1$ iteration
tree
$\mathcal{T}r(n+1)=(\langle M_{k}|k\leq n\}, \langle E_{k}|k<n\rangle, (p_{k}|k<n\rangle)$
. $n+1=a$ .
$n+1<a$ .
iteration tree $\kappa_{0},$ $\ldots\kappa_{n}$
( $n=0$ ).





$(J\backslash )\kappa_{n}$ $M_{n}$ $\delta$ $\phi$ $(a-n)-reflecting$ , $\phi$ $M_{n}$
$(\kappa_{n}, a-n)$-type $M_{n^{s}}$ .
, One-Step Lemma
(3-1)
. $E,$ $\kappa^{*},$ $\xi^{*},$ $y^{*}$ , (3-1) $\xi^{*}=a-n-1$ ,
$y^{*}=\phi$ .
$M_{n+1}$ $:=Ult(M_{n}\cdot, E),$ $\kappa_{n+1}$ $:=\kappa^{*},$ $E_{n}:=E$
$\sigma’:s$
169
, One-Step Lemma $(a^{*})-(c^{*})$ .
$[a^{*}]V_{\kappa_{n+1}+1}\cap M_{n+1}=V_{\kappa_{n+1}+1}\cap M_{n}$ .
$[b^{*}]M_{n+1}$ $\phi$ $(\kappa_{n+1}, a-n-1)$ -type $M_{n}$ .
$[c^{*}]\kappa_{n+1}$ $M_{n+1}$ $\delta$ $\phi$ $(a-n-1)-reflecting$ .
$\rho_{n}$ $:=\kappa_{n+1}$ $n+1$ stage [ ]
Woodin cardinal $\delta$ , $n<\omega$ $2n+1$ $\omega$-closed alternating
chain . altenating chain $V_{\delta}$ “ ” .
section , Martin-Steel .
\S 4. MARTIN-STEEL
4.1. alternating chain embedding normal form.
3.3.1 $\omega$ alternating chain \iota \check - ,
$\kappa_{k}$
$\phi$ (n–k–l)-reflecting”
. One-Step Lemma (c)
$(c^{*})$ $\beta- reflecting$ $\xi^{*}- reflecting$ $\xi^{*}<i_{E}^{N}(\beta’)$
. .
4 $\lambda<c_{0}<c_{1}<c_{2}$ .
(i) $\lambda,$ $c_{0},$ $c_{1},$ $c_{2}$ , cofinality $\delta$ .
(ii) $c_{0}$ $c_{1}$ $V_{\lambda+1}$ , $V_{c_{2}}$ . $c_{0}$ $c_{1}$
$(\lambda+1, c_{2})$-type .
4 . $\lambda$ cofinality $\delta$
. $c_{2}$ $\lambda$ $|V_{\lambda+2}|^{+}$
. $<\omega(V_{c_{2}})$ $(\lambda+1, c_{2})$-type $V_{\lambda+1}$ $|V_{\lambda+2}|$ .
$\lambda+1$ $c_{2}$ cofinality $\delta$ , $(\lambda+1, c_{2})$-type







$\omega$ alternating chain . $\omega\cross\lambda$ tree $T$
$\kappa 0<\delta$ ( $\delta$ inaccessible cardinal
). $G_{\kappa_{0}}^{T}$ .
\langle $m_{k},$ $\eta_{k},$ $\alpha_{k}$ } , \langle $E_{2k,p_{2k},\eta_{k}’},$ $\kappa_{2k+1}$ }, { $E_{2k+1,p_{2k+1},\beta_{k+1},\kappa_{2k+2}\}}$ ,
. RI.-R8. , .
stage . (Fig. 4.1 )




Rl. $k$ $E_{k}\in V_{\delta}$ , $(\langle E_{k}|k<n\}, \langle\rho_{k}|k<n\rangle)$ $\omega$-closed alternating
chain .
RL , $M_{k+1}$ $:=Ult(M_{k-1}, E_{k})$ $\langle M_{k}|k\leq n\rangle$
. $M_{0}=V$ . $M_{m}$ elementary




R5. $\beta_{0}=c_{0},$ $\beta_{n+1}<i_{2n,2n+2}(\beta_{n})$ .
R6. $t_{n}$ $:=\langle i_{2k,2n^{\ovalbox{\tt\small REJECT}}2}(\eta_{k})|k<n\rangle$ , $\{\langle m_{k}|k\leq n\},$ $t_{n+1}$ } $\in i_{0,2n}(T)$ .
R7. $u_{n}$ $:=\langle i_{2k+1,2n^{\ovalbox{\tt\small REJECT}}1}(\eta_{k}’)-|k<n\rangle$ , $\langle\langle m_{k}|k\leq n\rangle, u_{n+1}\rangle\in i_{0,2n+1}(T)$ .
R8. $\eta_{n}’$ $V_{c_{2}}\cap M_{2n+1}$ $V_{\kappa_{2n+1}+1}\cap M_{2n+1}$ $\delta,$ $i_{0,2n+1}(T),$ $c_{0}$
.
$G_{\kappa}^{T_{0}}$ open , .
. $\neg p[T|$ embedding normal form ,
, . alternating
chain branch , EVEN $\{2n|n\in\omega\}$
. $m_{k}$ $\eta_{k}$ $T$ path ,
path altemating chain . ’ ’ R5. , alternating chain
branch EVEN limit
. R6. R7. , $\langle M_{2n}|n\in\omega\rangle$ , $\langle M_{2n+1}|n\in\omega\rangle$




[ ] $\kappa_{0}<\delta$ { $T\rangle$ $(c_{0}+1)- reflecting$ , $G_{\kappa}^{T_{0}}$




$(*)_{n}$ $n>0$ $\kappa_{2n}\leq\rho_{2n-1}$ .
$l\not\subset\swarrow$
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$(***)_{n}$ $\kappa_{2n}$ $M_{2n}$ \langle $i_{0,2n-1}(T))^{\wedge}i_{2n-2,2n}(t_{n})$ $(\beta_{n}+1)-reflecting$ .
(4-1) $\{\begin{array}{l}Marrow M_{2n}Narrow M_{2n^{\text{ _{}l}}}\kappaarrow\kappa_{2n}\etaarrow\alpha_{n}\betaarrow\beta_{n}+1\beta^{/_{-}}arrow c_{0}+\end{array}$
One-Step Lemma (a) Rl. $(*)_{n}$ . (b), (c) $(**)_{n},$ $(***)_{n}$
. (d) .
One-Step Lemma $E,$ $\xi^{*},$ $y^{*}$ . $c_{0}$ $V_{\delta}$ extender
, $(d^{*})$ $\xi^{*}=c_{0}$ . One-Step Lamma $(a^{*})$
, $E_{2n}$ $:=E,$ $p_{2n}$ $:=\kappa^{*},$ $M_{2n+1}$ $:=Ult(M_{2n};_{1}, E_{2n})$
alternating chain . $(b^{*})$ $y^{*}$ 1
$\eta_{n}^{/}$ , $\kappa_{2n+1}$ $:=\kappa^{*}$ . .
$E_{2n}$ $:=E$, $p_{2n}$ $:=\kappa^{*}$ , $\eta_{n}^{/}$ $:=y^{*}(0)$ , $\kappa_{2n+1}:=\kappa^{*}$ .
. $(\langle M_{k}|k\leq$
$2n+1\},$ $\langle E_{k}|k<2n+1\rangle\langle\rho_{k}|k<2n+1$ }) alternating chain One-Step
Lemma $(a^{*})$ $(*)_{n}$ .
Rl. . One-Step Lemma (vii) crit $(E)=\kappa^{*}=\kappa_{2n+1}$ R2.
’
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One-Step Lemma $(e^{*})$ y*( $\{\eta_{n}^{/}\rangle$ ) $V_{c\circ+1}\cap M_{2n+1}$ $V_{\kappa_{2n+1}+1}\cap M_{2n+1}$
$\delta,$ $\langle i_{0,2n}(T)\rangle^{\wedge}i_{2n}$ $1,2n+1(u_{n})$ .
$i_{2n-1,2n+1}(u_{n})\cdot=i_{2n-1,2n+1}(\langle i_{2k+1,2n-1}(\eta_{k}’)|k<n\rangle)=\langle i_{2k+1,2n+1}(\eta_{k}’)|k<n\rangle$
, $k<n$ $\eta_{k}^{/}$ $V_{c_{2}}\cap M_{2k+1}$ $V_{\kappa_{2n+1}+1}\cap M_{2k+1}$ $\delta,$ $i_{0,2k+1}(T)$ ,
$c_{0}$ , R8. .
$\eta_{n}’$ $V_{\kappa_{2n+1}+1}\cap M_{2n+1}$ $\delta,$ $i_{0,2n+1}(T),$ $c_{0}$
. R8. . One-Step
Lemma . .
$(**)_{n}’’\langle i_{0,2n+1}(T)\}^{\wedge}u_{n+1}$ $M_{2n+1}$ $(\kappa_{2n+1}, c_{1} )$-type $\langle i_{0,2n}(T)\rangle^{\wedge}t_{n+1}$ $M_{2n}$
$(\kappa_{2n+1}, \beta_{n})$-type .
$(***)_{n}^{u}\kappa_{2n+1}$ $M_{2n+1}$ $\{i_{0,2n+1}(T)\}^{\wedge}u_{n+1}$ $c_{1}-reflecting$ .
$(**)_{n}’$ $(***)_{n}’$ $c_{0}$ $c_{1}$ .
subsection .J . One-Step
Lemma .




$\{\begin{array}{l}\xiarrow c_{0}+1xarrow\langle i_{0,2n+l}(T)\rangle\wedge u_{n+l}x^{/}arrow\langle i_{0,2n}(T)\}^{\wedge}t_{n+1}yarrow\phi\varphi(v)arrow visasuccessorordinal’\end{array}$
One-Step Lemma (a) Rl. . (b), (c)
$(**)_{n}^{u}$ 0******): . (d) . $E,$ $\kappa^{*},$ $\xi^{*},$ $y^{*}$
. $y=\phi$ $y^{*}=\phi$ , $(d^{*})$ $\xi^{*}$ successor ordinal
.
$E_{2n+1}$ $:=E$, $\rho_{2n+1}$ $:=\kappa^{*}$ , $\beta_{n+1}$ $:=\xi^{*}-1$ , $\kappa_{2n+2}$ $:=\kappa^{*}$





. ( R3. R6. ) ,
$(*)_{n+1},$ $(**)_{n+1},$ $(***)_{n+1}$ . [ ]
4.1.1 , 4.12 .
subsection Martin-Steel .
4.1. 2
$\delta$ Woodin cardinal . $T$ $\omega\cross\lambda$ $\delta^{+}$-homogeneous tree ,
$\neg p[T]$ embedding normal form .
[ ] $\kappa_{0}<\delta$ $G_{\kappa_{0}}^{T}$ $\tau$ .
4.1.1 $\kappa_{0}$ ( $T\rangle$ $(c_{0}+1)- reflecting$ .
. $(s, t\rangle$ $\in<\omega(\omega\cross\lambda)$ $21h(s)+1$ alternating
chain
$(\langle M_{k}(s, t)|k\leq 21h(s)\rangle,$ $(E_{k}(s, t)|k<21h(s)\rangle$
$,$
$\langle p_{k}(s,t)|k\leq 21h(s)\rangle)$
$\tau$ , $T$ homogeneous $t$
$(\langle M_{k}(s)|k\leq 21h(s)),$ $\langle E_{k}(s)|k<21h(s)\rangle,$ $\langle p_{k}(s)|k\leq 21h(s)\rangle)$
. alternating chain $\tau$ .
$s_{1}\subseteq s_{2}\in<\omega\omega,$ $k<21h(s_{1})$ ,
$E_{k}(s_{1})=E_{k}(s_{2})$ , $p_{k}(s_{1})=p_{k}(s_{2})$
. embedding normal form alternating chain , branch EVEN
$(\{M_{21h(s)}(s)|s\in<\omega\omega\}, \{i_{21h(s_{1}))21h(s_{2})}(s_{2})|s_{1}\subseteq s_{2}\in<\omega\omega\rangle)$
. embedding normal form $\tau$
.
, $\langle s, t\rangle\in<\omega(\omega\cross\lambda)$ . $G_{\kappa_{0}}^{T}$ ,
. $\tau$ , $\langle s(0), t(0), \kappa 0\rangle$ , , $s(k),$ $(i_{0,2k}(s, t))(t(k))$
$\kappa_{2k}$ . $i_{0,2k}=i_{0,2k}(s, t)$
alternating chain elementary embedding .
$u_{k}(s, t):=\langle(i_{2l+1,2k-1}(s, t))(\eta_{\ell}^{/}(s, t))|\ell<k\rangle$ ,
$\langle E_{k}(s, t)|n<2m)$ ,
$\langle\rho_{k}(s, t)|n<2m\rangle$ ,
(4-3)
$(\beta_{k}(s, t)|k\leq m\rangle$ ,




Fig. 4.2 $G_{\kappa}^{T_{0}}$ alternating chain
$\langle\mu_{s}|s\in<\omega\omega\rangle$ $T$ $\delta^{+}$-homogeneous tree .
$s\in<\omega\omega$ $X_{s}\subseteq T_{s}$ .
(1) $\mu_{s}(X_{s})=1$ .
(2) $k$ , $E_{k}(s, \sim),$ $\rho_{k}(s, t),$ $u_{k}(s, t),$ $\beta_{k}(s, t)$ , $t\in X_{s}$
. .
(4-4) $\{tr1h(s_{1})|t\in X_{s_{2}}\}\subseteq X_{s_{1}}$
. (2) $M_{k}(s),$ $\rho_{k}(s),$ $u_{k}(s),$ $\beta_{k}(s)$ .
$C^{\partial}$
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(4-3) $s,$ $t$ $\tau$ , $s_{1}\subseteq s_{2},$ $t_{1}\subseteq t_{2}$
$E_{k}(s_{1},t_{1})=E_{k}(s_{2},t_{2})$ , for all $k<21h(s_{1})$ ,
$u_{k}(s_{1},t_{1})=u_{k}(s_{2},t_{2})$ , for all $k\leq 1h(s_{1})$
. , $X_{s}$ (4-4) , $s_{1}\subseteq s_{2}$
$E_{k}(s_{1})=E_{k}(s_{2})$ , for all $k<21h(s_{1})$ ,
(4-5)
$u_{k}(s_{1})=u_{k}(s_{2})$ , for all $k\leq 1h(s_{1})$
.
$M_{k}(s)$ elementary embedding
$i_{k_{1)}k_{2}}(s)$ : $M_{k_{1}}(s)arrow M_{k_{2}}(s)$ ,
$k_{1}\leq k_{2}\leq 21h(s)+1$ , $k_{1}=0$ $k_{2}-k_{1}$
extender { $E_{k}(s)|k<21h(s),$ $s\in<\omega\omega\rangle$
.
$(\langle M_{21h(s)}(s)|s\in<\omega\omega\rangle, \langle i_{21h(s_{1}),21h(s_{1})}(s_{2})|s_{1}\subseteq s_{2}\in<\omega\omega\rangle)$
$\neg p[T]$ embedding normal form . $x\in\omega\omega$
$x\in p[T]\Leftrightarrow M_{EVEN}(x)$ is not wellfounded
$(\forall n\in\omega)[frn\in X_{x\uparrow n}]$





. \langle $\beta_{k}(xrk)|k<\omega$ } $M_{EVEN}(x)$ wellfounded
$\langle xr(k+1), u_{k+1}(xr(k+1))\rangle\in(i_{0,2k+1}(xr(k+1)))(T)$
( $u_{k}(xr(k+1))$ $x$ $u_{k+1}$ ),
$u_{k+1}\in i_{0,2k+1}(T(x))$
. $T(x)$ wellfounded tree , $u_{k+1}$ $i_{0,2k}(T(x)$-rank .
$\gamma_{k}$
$i_{2k+1,2k+3}(\gamma_{k})=i_{0,2k+3}(T(x))$-rank of $i_{2k+1,2k+3}(u_{k+1})$
$=i_{0,2k+3}(T(x))$-rank of $i_{2k+1,2k+3}( \langle i_{2t-1,2k+1}(\eta_{l}’)|l<k\rangle)$
$=i_{0,2k+3}(T(x))$-rank of \langle $i_{2t-1,2k+3}(\eta_{\ell}’)|l<k$ }
$>i_{0,2k+3}(T(x))$-rank of $\langle i_{2\ell-1,2k+3}(\eta_{t}’)|\ell<k+1\rangle$
$=i_{0,2k+3}(T(x))$-rank of $i_{2k+1,2k+3}(u_{k+2})$
$=\gamma_{k+1}$
. $\langle\gamma_{k}|k<\omega\rangle$ 2.3.2 { $\xi_{n}|n\in\omega-b\rangle$ ( $b=EVEN$),
$M_{EVEN}(x)$ wellfounded 2.3.2 . [ ]
4.2. $T^{*}$ homogeneous .
subsection alternating chain subsection 1.4 $T^{*}$ homogeneous
tree . . $T^{*}$ , $T$
$\omega\cross Z$ homogeneous tree ,
\langle $s,$ $t$ } $\in T^{*}\Leftrightarrow s\in<\omega\omega$ $\ t\in<\omega$Ord &lh(s) $=1h(t)$
& $(\forall m, n<1h(s))$ [ $m<n\Rightarrow j$ m, $n(t(m))<t(n)$ ],
, ( $j_{S_{1^{S}2}},|s_{1}\subseteq s_{2}\in<\omega\omega\rangle$ $T$ homogeneous tree
\langle Ult(V $\mu_{s}$ ) $|s\in<\omega_{\omega}$ } elementary embedding . subsection 1.4
,
$p[T^{*}]=p[T^{*}r2^{|Z|^{+}}]=\neg p[T]$
. elementary embedding elementary embedding
. . ,
elementary embedding
$i$ : $Marrow\overline{M}$ $(x\underline{i}\overline{x})$
$C\sim^{\tau}$
178
proper class $A\subseteq M$ $\overline{A}$ .
$x\in\overline{A}\Leftrightarrow(\exists y\in A)[x\in\overline{y\cap A}]$ .
elementary embedding $i$ . $V$ $N$
$N’$ elementary embedding
$j$ : $Narrow N^{/}$
$V$ elementary embedding $i$ : $Varrow M$
$i \int N\downarrow$ $\downarrow i|N’$
4.2. 1
$\delta$ ,
$\mathcal{T}=(\prec, \langle E_{k}|k<\alpha-1\}, \langle p_{k}|k<\alpha-1\rangle)$
$V_{\delta}$ iteration tree, $T$ $\omega\cross Z$ $\delta^{+}$-homogeneous tree .
measure $\langle\mu_{s}|s\in<\omega\omega\rangle$ $T$ $\delta^{+}$-homogeneous . ,
$i_{m,n},$ $(m\preceq n)$ iteration tree $\mathcal{T}$ , $j_{s_{1)}s_{2}},$ $(s_{1}\subseteq s_{2})$ { $\mu_{s}|s\in<\omega\omega$ )
elementary embedding . .
(1) $i_{0,n}(j_{s_{1},s_{2}})=j_{s_{1},s_{2}}rj_{\phi,s_{1}}(M_{n})$ .
(2) $(j_{\phi,s_{1}}(i_{m,n}))r$ Ord $=i_{m,n}r$ Ord.
$i_{0,m^{*}}(j_{S\int k,s\int\ell})=j_{S\int k,s|l}rj_{\phi,s\int k}(M_{m^{*}})$
. $m^{*}$ $\prec$ $m+1$ .
$k+1<1h(s)$ $k$
$i_{0,m+1}(j_{S\int k,s|k+1})=j_{S\int k,s\uparrow k+1}rj_{\phi,s\int k}(M_{m+1})$
$\zeta j$
.
$j_{k,\ell}$ $:=j_{s\uparrow k,s\uparrow l},$ $N_{n}^{k}$ $:=j_{0,k}(M_{n})$ .
$u\in N_{m+1}^{k}$ . $N_{m+1}^{k}=(j_{0,k}(i_{0,m^{*}}))(N_{m^{*}}^{k})$ ,
$j_{k^{-}k+1}(N_{m^{*}}^{k})-$ . $u$ $F$ $u=[FI_{a,E_{m}}^{N_{m^{*}}^{k}}$ .
$F$
$F:^{1h(a)}(V_{\kappa_{m}})\cap N_{m^{*}}^{k}arrow N_{m^{*}}^{k}$ , $F\in N_{m^{*}}^{k}$
. $a\in<\omega(support(E_{m}))$ , $\kappa_{m}=crit(E_{m})$ . $T$
$\delta^{+}$-homogenoous , $a,$ $E_{m},$ $\kappa_{m},$ $support(E_{m})$ $j_{k,l}$
.
$\beta$ $i_{m,n}$ . cofinality $\delta$
.




, $(i_{0,m+1}(j_{k,k+1}))(u)=j_{k,k+1}(u)$ claim .
CLaim. $1h(a)(V_{\kappa_{m}})$ $N_{m^{s}}^{k+1}$ , $N_{m^{*}}^{k}$ $N_{m^{*}}^{k+1}$
. ,
$F$ : $1h(a)(V_{\kappa_{m}})$ $N_{m^{*}}^{k+1}arrow N_{m^{\wedge}}^{k+1},$ $F\in N_{m}^{k}*\Rightarrow^{-}F\in N_{m^{2}}^{k+1}$ .
, claim : $\mu_{s}$ $\delta^{+}$-complete .
$(\forall F, c)$ [ $c<\delta$ &F: $carrow j_{0,k+1}(V)\ F\in j_{0,k}(V)\Rightarrow F\in j_{0,k+1}(V)$ ].
180
$i_{0,m^{*}}$ .




$(\forall F, c)[c<\delta$ & $F$ : $V_{c}\cap j_{0,k+1}(M_{m}^{*})arrow j_{0,k+\}}(M_{m}*)$ & $F\in j_{0,k}(M_{m}*)$
$\Rightarrow F\in j_{0,k+1}(M_{m^{*}})]$
$j_{0,k}(M_{m^{*}})=N_{m^{*}}^{k},$ $j_{0,k+1}(M_{m^{s}})=N_{m^{*}}^{k+1}$ .
$(\forall F, c)$ [ $c<\delta$ &F : $V_{c}\cap N_{m^{*}}^{k+1}arrow N_{m^{*}}^{k+1}\ F\in N_{m^{*}}^{k}\Rightarrow F\in N_{m^{*}}^{k+1}$]
claim $carrow\kappa_{m}$ . (1) .
(2) (1) , (2)
$j_{0,k}(i_{m^{*},m+1})r$ Ord $=i_{m^{*},m+1}r$ Ord
. $V$
$\delta Ord\subseteq j_{0,k}(V)$
, $i_{0,m^{*}}$ $M_{m}*$ ,









4.2.2 ( Martin-Steel )
$\delta$ Woodin cardinal, $T$ $\omega\cross Z$ $\delta^{+}$-homogeneous tree . $T^{*}$
$\alpha<\delta$ $\alpha$-homogeneous .
[ ] 4.L2 , $G_{\kappa}^{T_{0}}$ $\kappa_{0}<\delta$ .
4.1.1 , $\kappa_{0}$ $\delta$ unbounded . $\tau*$
\kappa o-homogeneous tree .
$T^{*}$ homogeneous tree measure . subsection
$M_{k}(s, t),$ $\rho_{k}(s, t),$ $\beta_{k}(s, t),$ $u_{k}(s, t)$ , $M_{k}(s),$ $\rho_{k}(s)$ ,
$u_{k}(s)$ $X_{s}\subseteq T_{s}$ . $s\in\omega<\omega$ $k<1h(s)$
$e_{k}(s)$ .
$e_{k}(s):=I\{\beta_{k}(srk, t)|t\in T_{s(k}\rangle J_{\mu_{s|k}}$ .
$e_{k}$ measure $\nu_{s}$ .
(4-5) $\nu_{s}(X)=1\Leftrightarrow\{(i_{2k,21h(s)}(s))(e_{k}(s))|k<1h(s)\rangle$ $\in(i_{0,21h(s)}(s))(X)$ .
$\nu_{s}$ subsection 1.3 . subsection 1.3 $\omega$
measure , $<\omega\omega$ measure
. { $\nu_{s}|s\in<\omega\omega\rangle$ $T^{*}$ \kappa 0-homogeneous
. 4.12
crit $(E_{k}(s, t))=\kappa_{k}=p_{k}(s, t)$ , if $k\leq 21h(s)$ .
, { $p_{k}(s, t)|k\leq 21h(s)\rangle$ . ,
crit $(i_{2m,2n})\geq\rho_{0}(s,t)=\kappa_{0}$ , if $m<n<1h(s)$








, { $\nu_{s}|s\in<\omega\omega\rangle$ . $Ult(V, \nu_{s})$ $\ovalbox{\tt\small REJECT} FJ_{\nu}$. t
$\pi_{s}(\mathbb{I}^{p}I\nu.):=i_{0,21h(s)}(F)(\langle i_{2k,21h(s)}(e_{k})|k<1h(s)\rangle)$
$arrow^{j_{k-1,k}\cdot\cdot,}Ult(V, \nu_{x\int k})$ $arrow^{j_{k,,k+1}}$
Ult(V, $\nu_{x\int(k+1)}$ )
$arrow^{j_{k+1,k+2},}$









$\pi_{\infty}$ : Ult(V, $\{\nu_{x\int k}$ I $k<\omega\rangle$ ) $arrow M_{EVEN}(x)$
. 4.12
$x\in p[T^{*}]\Leftrightarrow x\not\in p[\eta\Leftrightarrow M_{EVEN}(x)$ is wellfounded
,
$x\in p[T^{*}]\Rightarrow$ Ult(V, $\langle\nu_{xrk}|k<\omega\rangle$ ) is wellfounded




$i_{2\ell,21h(s)}(e_{l})<(i_{0,21h(s)}(j_{k,\ell}))(i_{2k,21h(s)}(e_{k}))$ , if $k<l<1h(s)$
. $k+1<1h(s)$ $k$
$i_{2k+2,21h(s)}(e_{k+1})<(i_{0,21h(s)}(j_{k,k+1}))(i_{2k,21h(s)}(e_{k}))$ ,







. R5. , $\mu_{s\int(k+1)^{-}}$ $t$ ,
$\beta_{k+1}(sr(k+1), t)<i_{2k,2k+2}(\beta_{k}(srk,trk))$
. $\mu_{s\int(k+1)}$
(4-8) $e_{k+1}<[\langle i_{2k,2k+2}(\beta_{k}(srk, trk))|t\in T_{s\int(k+1)}\rangle J_{\mu_{*|(k+1)}}$
$\mu_{s\int k}$ $\mu_{s\int(k+1)}$ ,
,
. 4.2.1 (2) ,
$j_{0,k}(i_{2k,2k+2})r$ Ord $=i_{2k,2k+2}r$ Ord
(4-8) $j_{k,k+1}(i_{2k,2k+2}(e_{k}))$ . (4-7) , .
[ ]
4.3. $\tilde{T}$ .
Projective Determinacy (subsection 1.4. ) , subsection
$T^{*}$ 4.2.2. $\tilde{T}$ . $\tilde{T}$ (subsection
1.4. ) . $T$ $(\omega.\cross\omega)\cross Z$ homogeneous tree
,
{ $s,$ $t\rangle$ $\in\tilde{T}\Leftrightarrow s\in^{-}\omega<\omega$ & $t\in<\omega$Ord &lh(s) $=1h(t)$




$Z=\lambda$ , $\mu_{(s,r)}$ ( $s,$ $r$ } \delta +-complete ( $\delta$ $\lambda$
). $\alpha<\delta$ $\tilde{T}$ $\alpha- h\dot{o}mogeneous$ tree , $T^{*}$
$\tilde{T}$ .
, $p[T^{*}|$ embedding normal form alternating chain
, $\prec$ iteration tree ( dovetail chain).
$m\prec n\Leftrightarrow m<n$ & $[m=0$
$\vee(\exists m^{/}, n^{/})( m=2m^{/} \ n=2n^{/})$






(4-9) $(\prec r21h(s)+1, \langle M_{k}(s)|k\leq 21h(s)\rangle, \langle E_{k}(s)|k<21h(s)\rangle, \langle\rho_{k}(s)|k<21h(s)\})$
“ ” .
$\kappa_{0}<\delta$ $\langle T\rangle$ $(c0+1)$-reflecting . iteration tree
$G_{\kappa_{0}}^{T}$ .
Rl. $(\prec r2n+1, \langle M_{k}(s, t)|k\leq 2n\rangle, \{E_{k}(s, t)|k<2n)^{-},$ $\langle p_{k}(s, t)|k<2n\rangle)$
$2n+1$ iteration tree .
$\overline{R}2$ . $\rho_{k}(s, t)\geq\kappa_{k}=crit(E_{k}(s, t)),$ $(k<2n)$ .
R3. $\rho_{k}(s, t)$ $k\leq 2n$ .
R4. crit $(E_{k}(s, t))$ $k\leq 2n$ .
R5. $\beta_{0}(s, t)=c0$ , $k<n$ $\beta_{k+1}(s, t)<(i_{2k,2k+2}(s, t))(\beta_{k}(s, t))$ .
R6. .
R7. $\ell$ $:=1h(r_{n})$ $k\leq\ell$ $r_{n}rk$ $m_{k}$ . , $u_{n}(s, t)$ $:=$
\langle $i_{2m_{k+1}}$ 1, $2n$ $1(\eta_{m_{k+1}}’)|k<l\rangle$ , {{ $srl,$ $r_{n}$ ), $u_{n}(s, t)\rangle$ $\in i_{0,2t}$ 1 $(T)$
.




$\kappa_{0}$ { $T\rangle$ $(c_{0}+1)- reflecting$ , $\langle s, t\rangle\in$
$<\omega(\omega\cross\lambda)$ , $\prec$ iteration tree $n\leq 1h(s)$ RI.-R8.
, . 4.1.1
, . $E_{k}(s, t),$ $\rho_{k}(s, t),$ $\eta_{k}’(s, t)$ ,
$\beta_{k}(s, t)$ $\langle srk,t\int k\rangle$ . ,
.
iteration tree(4-9) . $T$ $\delta^{+}$-homogeneous , ) $j$
R8. stage $\delta$ $s\in<\omega\omega$
$X_{s}$ ( 4.1.2 ).
(1) $X_{s}$ $1h(r_{l})_{\lambda}$ , $\mu_{(srt_{tt})}(X_{s})=1$ . $P=1h(s)$
.
(2) $k$ , $E_{k}(s, t),$ $p_{k}(s, t),$ $\eta_{k}’(s, t),$ $\beta_{k}(s, t)$ $t\in X_{s}$
.
4.3. 1
$p[\tilde{T}]$ $\neg\exists^{R}(p[T])$ embedding normal form .
[ ] 4.1.2 , embedding normal form
(4-10) $(\{M_{2n}(xrn)|n\in\omega\rangle, \langle i_{2m,2n}(xrn)|m\leq n\in\omega\rangle)$








$(\forall y)[\langle x, y\rangle\not\in p[T]]$ . $T(x)$ $\omega\cross\lambda$ wellfounded tree
. , $y$ ,
. R7. $\gamma_{k}^{y}$ $y,$ $k$ . $yrk$
.
( $i_{2m}$ $1,2m_{k+1}$ 1 $(Xrm_{k+1})$ ) $(u_{k}(xrm_{k}))\subseteq u_{k+1}(Xr(k+1))$
,
$\gamma_{k+1}^{y}<$ ( $i_{2m_{k}-1,2m_{k+1}}$ $1(Xrm_{k+1})$ ) $(\gamma_{k}^{y})$
. $\xi_{2n}$ 1 $:=\gamma_{1^{f}h^{n}(r_{\hslash})}$ 2.3.2 $M_{EVEN}(x)$ wellfoundml
( $\gamma_{1^{r}h^{n}(r_{n})}$ $y’rk=r_{n}$ $y’$ $\gamma_{k’}^{y}$
).
$(\forall y)[\langle x, y\rangle\not\in T]\Rightarrow M_{EVEN}(x)$ is wellfounded
. (4-10) $\neg\exists^{R}(p[T])$ embedding normal form .
[ ]
4.3.2( $\neg\exists^{\mathbb{R}}$ Martin-Steel )
$\alpha<\delta$ $\tilde{T}$ $\alpha$-homogeneous tree .










$k([FIa)-=j(F)(a)$ , where $F\in 1h(a)_{V}$.









2. Shelah cardinal Woodin cardinal
.













$j(f)r\kappa=f$ $j(f)\sigma\subseteq\sigma$ . ,
$(0^{*})$ $E\in M$ extender.
$(1^{*})$ crit $(E)=\sigma<j(\sigma)$ .
$(2^{*})$
$-(3^{*})$
$E$ $M$ $j$ $V$ , $V$ $E^{l}$
.
(0) $E’$ extender.
(1’) crit $(E’)=\kappa<\sigma$ .
(2’)
$(3’)$
$f$ : $\sigmaarrow\sigma$ (progressive ) , $\sigma$ Woodin cardinal
.
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